1 

ntLE OF THE INVENTION 



WORKPIECE SUPPORTING DEVICEAND SEATING MECHANISM 
THEREFOR 

5 INCORPORATION BY REFERENCE 

The present application claims priority under 35 U.S.C. §119 to Japanese 
Patent Application No. 2002-311308, filed on October 25, 2002. The content of that 
application is incorporated herein by reference in their entirety. 

10 BACKGROUND OF THE INVENTOIN 

1. Field of the Invention 

The present invention relates to a workpiece supporting device supporting a 
workpiece machined by a tool on a machine tool and also relates to a seating 
mechanism using for a clamped body. Especially, the present invention relates to 
15 the workpiece supporting device and the seating mechanism therefor to detect 
precisely a clamping force and overload acting on the clamped body. 

2. Description of the Related Art 

It is typically known for a workpiece supporting device to equip a clamping 
mechanism or a fixing mechanism for a workpiece and to have in this mechanism a 

20 load sensor detecting a clamping force or a fixing force acting on said workpiece. 

These related art of the workpiece supporting device are disclosed in Japanese Patent 
Laid-open Publication Nos. 7-40200, 8-229762, 9-183033, 10-151537 and 11- 
320305. It is disclosed in Japanese Patent Laid-open Publication No. 7-24680 for a 
workpiece supporting device to mount a strain gage on a fixing shaft and to detect a 

25 deformation strain acting on the fbdng shaft in order to detect a fixing force. In 
these related art of the workpiece detecting device, three or more seatmg sheet 
members are mounted on a base auu tlic vvOrkpicCc Supporting device or the f?'^^^^ 
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device disclosed in these Publications clamps the woTlq>iece by contacting a reference 
surface of the workpiece to the seating sheet member. It is needed for a hig;h 
accuracy of a machining that the reference surface is maintained to contact to the 
sheet member with a predetermined force. Japanese Patent Laid-open Publication 
5 Nos, 7-40169 and 9-201742 disclose a related art of a seating detection means to 

detect leakage of hydraulic flow from a discharging port opened on a top surface of 
the sheet member by a pressure sensor in a hydraiilic circuit in order to detect a 
seating of the reference surface of the workpiece on the sheet member. 

In the above-mentioned related art of the workpiece supporting device, since 

10 the detection of the seating depends on the leakage of hydraulic flow between the 
sheet member and the reference surface of the workpiece, accumulation of a 
machined chip on the sheet member or an abrasion of the sheet member affect 
malfunction against the detecting accuracy so that it must require an additional 
protector for said malfunction. More over, the seating medbanism based on the 

15 leakage of hydraulic flow can detect only whether the seating is but can not detect 

whether the clamping or fixing force to maintain the seating is adequate. The above- 
mentioned related art of the workpiece supporting device must need the seating 
detection means in addition to the damping mechanism or the fixing mechanism with 
the load sensor to guarantee the clamping or fixing status of the workpiece by the 

20 predetermined force to the sheet member. If a load sensor will be mounted in the 
sheet member the load sensing means and the seat sensing means will be performed 
by one means, however, since the load cell or the strain gage is functioned by elastic 
deformation of a sensing body by the clamping or fixing force, a reference position is 
displaced by the clamping or fixing force to raise a decrease of the machining 

25 accuracy. In order to perfoxm the high accuracy, it is needed to detect the seating of 
the workpiece on the work table by a suitable clamping force* 
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In view of the previously mentioned circomstances, it is an object of the 
present invention to provide a workpiece supporting device detecting both of an 
abnoimal clamping and an abnormal overload. 

It is second object of the present invention to provide a workpiece supporting 
5 device detecting both of an abnonnal clamping and an abnormal overload with high 
accuracy. 

It is third object of the present invention to provide a workpiece supporting 
device detecting an abnormal fixing, an abnormal overload and an abnormal seating 
with high accuracy, 

10 It is fourth object of the present invention to provide a worlqpiece supporting 

device detecting an abnormal fixing, an abnormal overload and an abnormal seating 
with high accuracy best for a madiine tool, especially a machining center. 

It is fifth object of the present invention to provide the workpiece supporting 
device detecting the applied load value without deformation of a supporting position. 

15 It is another object of the present invention to provide a controller for the 

workpiece supporting device. 

It is other object of the present invention to provide the work supporting 
device with temperature compensation without affection of the temperature change. 

It is more other object of the present invention to provide a seating mechanism 

20 for the workpiece supporting device detecting both of an abnormal clamping and an 
abnormal overload with high accuracy. 

In order to achieve the above and other objects, the inventor of the present 
invention notices to the own invention of the International Patent Application No. 
WO 02/37037 relating to a load sensing element having a characteristics that it is not 

25 substantially deformed by an applied load thereon and adapts the load sensing element 
to a workpiece supporting device for a machine tool. Therefore, the present 
inventiqn provides a workpiece supporting device comprising plural seating 
mechanisms disposed between a woilq^iece and a work table to support detachably the 
workpiece on the work table and each of the seating mechanisms includes a load 
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sensing element assembled to receive said clamping force, said load sensing clement 
is not substantially deformed by an applied load. Since the load sensing element 
having the characteristic substantially without defoimation by the ^plied load is 
mounted in plural seating mechanisms to receive the clamping force, it can be 
5 detected not only an abnormal clamping but also an abnormal overload. 

Second aspect of the present invention is that the workpiece supporting device 
comprises plural seating mechanisms disposed between the work table and a 
workpiece pallet, and each of the seating mechanisms includes the load sensing 
element assembled to receive the clamping force directly. The load sensing element 

10 can detect directly the clamping force to clamp the workpiece indirectly so that an 
accuracy of detecting the clamping force increase to detect both the clamping force 
and the abnormal overload with high accuracy. It is preferred to support a reference 
surface defined by an undersurf ace of the worlq>iece pallet by said three seating 
mechanisms disposed on a top of a triangle, or by said four seating mechanisms 

15 disposed on four comers of the reference surface. 

Tbird aspect of the present invention is that the worlqiiece supporting device 
comprises a workpiece receiving unit mounted on the work table, a plunger mounted 
on the workpiece receiving unit for fixing the workpiece and plural seating 
mechanisms mounted on the workpiece receiving unit to support the workpiece, each 

20 of said seating mechanisms includes a load sensing element assembled to receive a 
fixing force fixing said workpiece directly. The load sensing element can detea 
directly the fixing force to clamp the workpiece directly so that an accuracy of 
detecting the fixing force increase to detect both the abnormal fixing force and the 
abnormal overload with high accuracy. Further more, the load sensing element 

25 installs on the workpiece receiving unit to directly support the workpiece so that the 
load sensing element can detect not only the abnormal clamping or fixing force and 
the abnormal overload but also an abnormal seating of the workpiece on the 
workpiece receiving imit It is preferred to support a reference surface defined by an 
undersurface of the worlcpiece by said three seating mechanisms disposed on a top of 
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a triangle, or by said four seating mechanisms disposed on four comers of the 
reference surface* 

Fourth aspect of the present invention is that the worlqiiece supporting device 
comprises a workpiece receiving unit fixed on the workpiccc pallet, and plural seating 
S mechanisms mounted on the workpiece receiving unit to support the workpiece, each 
of said seating mechanisms includes a load sensing element assembled to receive a 
fixing force fixing said workpiece directly. The load sensing element can be 
installed on the pallet usually and widely equipped on a machining center. 

Fifth and sixth aspect of the present invention is that the load sensing element 

10 consists of a ceramics material so that the load sensing element receiving the applied 
load is not substantially defomied by the applied load. The elastic deformation of 
the ceramics material consisted the sensing element is 1.7 /zm against 1,000 kgf of the 
applied load and this is very small against an allowable value S to 7 jum of a target 
machining accuracy. Especially, detecting the applied load by a pressure sensing 

IS body depends not on an elastic deformation of the sensing element but on a pressure 
resistance effect or a magnetic resistance etfect of a pressure resistance effect material 
or a magnetic resistance effect material dispersed in a matrix of the ceramics material 
so that it can detect accurately the ^plied load value without substantially 
deformation of a supporting position against the clamping or the fixing force. 

20 Seventh, eighth and ninth aspect of the present invention is that the workpiece 

supporting device further comprises a controller detecting the abnormal clamping by 
comparing a variation of an output value from the load sensing element included in 
plural seating mechanisms or detecting the abnoimal overload during a machining. 
In the detecting of the abnormal damping, the abnormal clamping is determined 

25 where the detecting value is under a threshold value. One example of a method of 
detecting the abnoimal clamping is to compare sequentially each output from the 
sensing elements of plural seating medanisms to the threshold defining a minimiun 
clamping force to determine the abnonnal clamping where there is one case of the 
seating mechanisms that the detecting value is under the threshold value* The other 
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example of the method is to calculate an average value of all outputs from the load 
sensing elements of plural seating mechanisms to compare the calculated average 
value to a predetermined threshold value to detect the abnormal clamping where the 
average value is under the threshold value. These methods have a difference of the 
5 determination on the basis of each of outputs or all outputs but have the same piupose 
of detecting the abnoimal clamping by detecting the output from plural load sensing 
elements. In detecting the abnormal overload, there are explained two examples of a 
method of the detecting. One example of the method is to calculate a maximum load 
difference between a minimxun value and a maximum value of outputs from the load 

10 sensing elements of plural seating mechanisms to detect the abnormal overload where 
the difference is over a predetermined threshold value* The other example of the 
method is to determine if each output from the load sensing elements of seating 
mechanisms is within between a minimum threshold value and a maximum threshold 
value determining a suitable applied load to detect the abnormal overload. By these 

15 methods, it detects a value of a bias load acting on plural seating mechanisms, that is 
to say an unbalance of the clamping or the fixing force, to detect the abnormal 
overload by the value of the bias load. 

Another aspect of the present invention is the workpiece supporting 
mechanism more further comprising the other load sensing element included in plural 

20 seating mechanisms and having the same sensing characteristic to said load sensing 
element for a temperature compensation to compensate the output from said load 
sensing element by an output from the other load sensing element included in the 
same seating mechanism. It is preferred for an accurate compensation of a 
temperature change in corresponding seating mechanism that each of all other load 

25 sensing elements is equipped as a pair to each of all said load sensing elements. If 
each of all other sensing elements can not be equipped to each of all said load sensing 
elements, two or more seating mechanisms separated &om each other equip other load 
sensing elements for the temperature compensation to compensate the output from 
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each of said load sensing elements by an average of outputs &om the other load 
sensing elements. 

Other aspect of the present invention is that a seating mechanism 
comprises a plunger and a load sensing element in a guide hole of a body, the load 
5 sensing element is received the applied load by the plunger or the load sensing 

element consisted the plunger receives directly the applied load. A pressure sensing 
elements consist of a composite material dispersed a material of a pressure resistance 
effect or a magnetic resistance effect in a matrix of the electric insulation ceramics 
material so that it can detect accurately the applied load value without substantially 
10 deformation of a supporting position against the damping or the fixing force. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Various other objects, features and many of the attendant advantages of the 
present invention will be readily appreciated as the same becomes better understood 
15 by reference to the following detailed description of the preferred embodiments when 
considered in connection with the accompanying drawings. In which: 

Fig. 1 is a dOSS-sectional side view of the main parts of a machining center for 
which a woilqyiece supporting device of the present invention is applied; 

Fig. 2 is an enlarged cross-sectional side view of a seating mechanism of the 
20 workpiecc supporting device; 

Fig. 3 is an enlarged explanatory diagram of an external appearance of a load 
sensing element installed in the seating mechanism; 

Fig. 4 is a schematic explanatory diagram of a construction of the load sensing 
element; 

25 Fig. 5 is a flow chart showing a process routine to detect an abnormal 

clamping and an abnormal overload by a CNC controller of the machining center 
based on an output from the load sensing element; 

Fig. 6 is an enlarged cross-sectional side view of a second embodiment of the 
workpiece supporting device of the present invention; 
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Fig. 7 is an enlarged cross-sectional side view of another embodiment of the 
seating mechanism; 

Fig. S is a flow chart showing another embodiment of a process routine to 
detect the abnormal clamping and the abnormal overload by the CNC controller of the 
machining center based on the output from the load sensing element. 

DETAILED DESCJUPTION OF THE PREF Fl^T^FTi F MBODIMENTS 
A preferred embodiment of first example of a workpiece supporting device 
and a seating mechanism therefor according to the present invention will be described 
referring to Fig* I to Fig. 5. Fig, 1 shows a cross sectional view of a main parts of a 
workpiece pallet supporting mechanism for a horizontal machining center with an 
automatic tool changer. In this figure, a numeral 10 shows a work table guided 
horizontally movably on an unillustrated bed in an X-axis direction vertical to an axis 
of a tool spindle 16 described hereinafter. On the work table 10 is supported a 
rotating table 11 indexable in a horizontal direction. On a rotating tabic 11 is 
detachably clamped a workpiece pallet 20, and a workpiece W is fixed by a well 
known fixing means such as a clamping fixture or a T-bolt etc. on the workpiece 
pallet 20. On the rotating table 11 is supported a pallet clamping board 12 movable 
up and down by a pair of cylinders 15 involved in the rotating table 11 in a vertical 
direction. In a center of the rotating table 11 is mounted a centering mechanism 13 
iacluding a center axis and a rotating distributor distributing hydraulic fluid and 
electric current between the work table 10 and the rotating table 11. The centering 
mecdianism 13 guides an indexing operation of the rotating table 11, and a mechanism 
thereof is well known to be eliminated from a description. Said pair of cylinders 15 
is disposed on both sides of the centering mechanism 12 in a peipendiculaf direction 
on a paper of Figure 1. A rod of a movable piston in these cylinders 15 is fixed to a 
lower surface of the pallet clamping board 12. The pallet clamping board 12 is 
rectangular in viewing from upper side and a pair of opposite ends thereof are inserted 
into a T-shaped groove 20a formed on a lower surface of the pallet 20 to eliminate up 



and down movement of the pallet 20. A pair of foot portions 20b is also fonned on 
the lower surface of the pallet 20 outside of and parallel to the T-shaped slot 20a. 
One of the foot portions 20b is not illustrated in Fig. 1. A plurality of guide roUers 
14 is rotatably supported on under surfaces of said opposite ends along each of said 
S opposite ends to guide an inner end surface 20c of the foot portions 20b of the pallet 
20 when the pallet 20 is moved relatively to the work table 10 and the rotating table 
11 in perpendicular direction to a plane of Fig. 1. 

In order to position horizontally and veitically the pallet 20 relative to the 
rotating table 11> two positioning mechanism are arranged between said pair of foot 

10 portions 20b of the pallet 20 and a respective portion on the rotating table 11 
corresponding to the foot portions 20b. One is a pin mechanism 30 for the 
horizontal positioning and the other is a seating mechanism 40 for the vertical 
positioning. Each pin mechanism 30 is placed in two positions horizontally opposite 
each other at a rotating center of the rotating table 11 to face to the foot portions 20b. 

IS The pin mechanism 30 comprises a positioning pin 31 fixed upwardly on the rotating 
table 11 and a sleeve 32 attached on the lower surface of the pallet 20 to have a pin 
hole receiving a top portion of the positioning pin 31. Each seating mechanism 40 is 
placed in four positions on the rotating table 11 to face to each both longitudinal ends 
of the foot portions 20b and is engaged with each of four comers of the pallet 20 to 

20 support the pallet 20 in upward and downward directions. Fig. 2 shows a detail of 
the seating mechanism 40. A body 41 of the seating mechanism 40 is fixed on the 
rotating table 11 by a bolt 42, In the body 41 is formed a vertical hole 41a through 
which a plunger 43 is penetrated up and down movably. A lower room 41b of the 
vertical hole 41a foimed by a lower end surface of the plunger 43 is connected to a 

25 wiring passage 11a of the rotating table 11 through a wiring passage 41c. A 

receiving member 44 is arranged in the lower room 41b to seat a bottom surface of the 
vertical hole 41a by a spherical surface of the receiving member 44. There is a load 
sensing clement 45 between a top surface of the receiving member 44 and the lower 
end surfece of the plunger 43. Another load sensing element 46 for a temperature 
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compensation is equipped on the side surface of the receiving member 44 by a 
suitable bonding material. Said another load sensing element 46 has the same 
sensing characteristic to the load sensing element 45. Bach of both ends of the 
sensing elements 45, 46 are connected to a pair of leading wire wired into the rotating 
S table llthrough the wiring passages 41c and 11a to be connected to unillustrated 
amplifier through the centering mechanism 13. 

The load sensing elements 45, 46 are constructed as shown in Fig. 3. Pair of 
electrodes 48, 48 are foimed on a side surface of a rectangular pressure sensing body 
47 as a unit Leading wires 49, 49 are bound to the electrodes 48, 48 by a solder. 

10 Upper and lower surfaces 47a, 47b of the pressure sensing body 47 is formed to a flat 
suiface as a pressure receiving surface positioned to be contacted to the lower surface 
of the plunger 43 and the top siufacc of the receiving member 44. The load sensing 
elements 45, 46 are composed of ceramics composite material having a small 
deformation substantially negligible against the applied load and detecting a strain of 

15 an inside composition as an electric output The composite material is disclosed in 
the PCT application WO 02/37037 assigned as a co-applicant to the applicant of the 
present invention. However, in order to easily understand die contents of the present 
invention, the sensing element will be briefly explained in the next two columns. 
Hie composite material is produced by a dispersing material dispersing a 

20 filling material (called hereinafter as the pressure resistance effect material) having a 
pressure resistance effect or a magnetic resistance effect on a matrix composed of an 
electric insulation ceramics material, A compressive strength of the electric 
insiilation ceramics material is intensified to increase a total strength of a whole 
sensing element so that a high applied load can be received directly by the composite 

25 material itself. Fig. 4 shows schematically the structure of the pressure sensing body 
47 and in an actual composite material of the pressure sensing body 47, respective 
particles of the electric insulation ceramics material 70 and respective particles of the 
pressure resistance effect material 71 exist in sintering condition. The matrix 
disperses the pressure resistance effect material 71 in the stage that they electrically 
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continued in order to make the pre$$xue resistance effect or the magnetic resistance 
effect. At least one of receiving surface of the pressure sensing body 47 is preferred 
to equip an insulator having an electdc insulation and the insulator can be sintered 
with the pressure sensing body Or can be formed separately to be bonded them by a 
5 bond and so on. The electric insulation ceramics constituting the pressure sensing 
body 47 is preferred to be made of zirconia. The zirconia described here includes 
various kinds of addition agents to Zr02 to refer to substances including such various 
compositions as 3 2 and 12Ce-Zr02. Zirconia has the high strength and the 
electric insulation to be a good for a constructing material in the matrix. As the 

10 ceramics for the matrix, the ones having following materials can be used as well as 
zirconia, that is it is pennissible to employ AI2O3, MgAl204, Si02, 3A1203, 2Si02, 
YjOj, Ce02> l^iO^y 313^4 and the like. As material having the above-mentioned 
pressure resistance effect or magnetic resistance effect, it is preferred to use any one 
or more of perovskite structured (Lui.xMax) i-yMb03.z, layered perovskite structured 

15 (Ln2.ttMai^) iHiMb207.w. Si and substance produced by adding a small amount of 
addition element to these (here, 0<x=0.5, 0=y=0-2, 0=z=0.6, 0<u=1.0, 0=v=<).2, 
0=w=1.0, Ln: rare earth element. Ma: one or more alkaline earth element, Mb: one or 
more transition metal element), 

A manufacturing process of the pressure sensing body 47 consisting of the 

20 composite material will be described. As the electric insulation ceramics material 
70, ZrOz added 12 mol% CcOz is employed and as the pressure resistance effect 
material 71, Lao,75Sro^Mn03 is employed. First, La203 powder, SrCOs powder, 
MnCQs powder were weighed such that composition ratio of La, Sr, Mn was 
0.8:0.2:1. Those powders were thrown into a polyethylene pot together with mixing 

25 Zr02 ball and mfsing solvent ethanol and mixed for 20 hours. The mixed powder 
was dried and crushed and then, sintered preliminarily at 1,300 ''C for four hours in 
the atmosphere, so as to produce perovskite complex oxide powder Lao.75Sro.25MnQ3. 
Subsequently, ZrCh. powder added marketed CeOi (Sumitomo Osaka Cement Co., 
Ltd., OZC-12CEB) and synthesized Lao.75Sro.25Mn03 powder were weighed such that 
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the w ight ratio of LactsSro^sMnOs with respect to the entire weight was 26 weight%. 
These powders were thrown into the polyethylene pot together with mixing Zr02 ball 
and mixing solvent ethanol and mixed for four hours, and then dried and crushed. 
The crushed mixing powder was formed by pressing with a mold into a disk of 18 mm 
in diameter and after that, subjected to CIP processing under a pressure of 3,000 
kg/cm^. Then, the formed body was sintered at 1,400 **C for four hours. An 
obtained sintered body has the electrical conductivity and a density 98% as fine as the 
theoretical density thereof. A resistance ratio of the sintered body was about 25 
Ocm. Hie pressure sensing body 47 is obtained by cutting this sintered body into 
rectangular solids. In this pressure sensing body 47, a pair of the opposing surfaces 
is the pressure receiving surfaces 47a and 47b. The electrodes 48, 48 were disposed 
on each of a pair of side surfaces perpendicular to these pressure receiving surface 
47a, 47b. The electrode 48 was baked with Ag paste (Shoei Chemical Inc», H-5997) 
by maintaining it at 850 "^C for 10 minutes. A lead wire 49> 49 were disposed on the 
electrodes 48, 48 by soldering. Consequently, the load sensing elements 45, 46 are 
manufactured. 

Fig. 5 shows a flow chart of application control example executed by a CNC 
controller 18 for the machining center after receiving outputs from four pairs of load 
sensing elements 45, 46 of four seating mechanisms 40 disposed at positions 
corresponding to four comers of the lower surface of the workpiece pallet 20. The 
operation of the workpiece supporting device constructed above will be explained 
hereinafter referring to the flowchart. 

The pallet 20 holding the workpiece W is loaded on the rotating table 1 1 by a 
well known pallet changer in the state that the pallet clamping board 12 is elevated to 
an unclamping position where the sleeve 32 is apart from the positioning pin 31. 
The pallet clamping board 12 introduces the pallet 20 by the way of guiding the inner 
surface 20c of the foot portion 20b of the pallet 20 by plural rollers 14 and the board 
12 is inserted into the T-shaped groove 20a of the pallet 20. After the pallet 20 is 
inserted into the predetermined position corresponding to the pallet clamping board 
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12> the pallet clamping board 12 Is lowered by the lowering operation of the one pair 
of cylinders IS. The sleeves 32 insert the positioning pins 31 therein and the lower 
surfoces of the foot portions 20b contact the top soifaces of the plungers 43 of the 
seating mechanism 40 disposed at the positions corresponding to four comers of said 
5 lower surfaces to clamp the pallet 20 on the rotating table 11, A compressing force 
of about 1,000 kgf acts on each of four plungers 43, the compressing force acts 
directly on the load sensing element 45 held between the plunger 43 and the receiving 
member 44. The compressing deformation amount of the load sensing element 45 
by 1,000 kgf is about 1.7 pan (miction meter). Since a required machining accuracy 

10 for the machining center is about S/cm, the compressing defoimation amount of the 
load sensing element 45 is small enough to be substantially eliminated compared to 
the required machining accuracy. A reference surface of clamping the workpiece W 
is, therefore, lowered 1,7 /^m compared to the prior art clamped on a fixed seating 
member, but the lowering amount is within allowable accuracy of the positioning to 

15 be substantially eliminated. The clamping state of the pallet 20 is maintained during 
the machining of the workpiece. In the machining center during the machining, an 
unillustrated column of the machining center is moved horizontally along Z axis« the 
spindle head 17 is moved vertically on the colunm along Y axis and the work table 10 
is moved horizontally along X axis perpendicular to the Y and Z axes to achieve the 

20 three dimensional machining. The CNC controller 18 controlling the operation of 
the machining center perfonns control routine shown in Fig. 5 at predetermined 
interval such as 10 m sec. (millisecond) and to detect an abnormal damping and an 
abnoxmal overload. 

Referring to Fig. 5, initial value "1'' is set in counter N identifying one of four 
25 seating mechanism 40 in step SI. In step S2 is read outputs from the load sensing 

element 45 of the seating mechanism 40 and outputs from the load sensing element 46 
for the t^peramre compensation. The output from the load sensing element 45 is 
compensated by an unillustrated bridge circuit using the output from the load sensing 
element 46 for the temperature compensation and amplified by an unillustrated 
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amplifier to calculate an actual load Ln and to be registered and renewed in a 
predetennined memory area in Step S3. These processes are continued to perform all 
of four seating mechanisms 40 in step S4 and S5. It is judged if four actual clamping 
loads Li to L4 acting on four seating mechanisms 40 are registered or not in step S4. 
5 When the judgment is YES, an average actual load Lave and a maximum actual load 
difference Edif are calculated in step S6, where the average actual load L,vc is an 
average of these actual loads Li to L4 acting on four seating mechanisms 40 and the 
maximum actual load difference Edif is a difference between maximum and minimum 
amounts of these actual loads Li to L4. The averaging actual load I<ivo is compared 

10 to a first threshold value Tl defining an essential minimum clamping force in step S7. 
In step S8, an abnormal signal of the pallet clamping is output where the average 
actual load Lave is under the first threshold value Tl. Hie maximum actual load 
difference Edif is compared to a second threshold value T2 defining an allowable value 
of clamping force difference in four seating mechanisms 40 in step S9. In step SlO, 

15 an abnonnal overload signal is output where the maximum actual load difference Baa 
is over the second threshold value T2. At the maximum machining load, some of 
four seating mechanisms 40 are received larger load than the load at a non-machining 
and some of four seating mechanisms 40 are received smaller load than the load at the 
non-machining. Therefore, a bias load making an unbalance acts on the four comers 

20 of pallet 20 to be detected an overload on the basis of the value of the bias load. 
When the abnormal overload or the abnormal clamping is detected, the CNC 
oontroUer 18 performs necessary process sudh as a decreasing of relative movement 
velocity between the spindle head 17 and the work table 10, a stopping of the 
movement or an informing of abnormal signal turning on an abnomoial lamp. This 

25 control process is one example of possible control processes for using the detecting 
signal from the seating mechanism 40 and other various control process can be 
performed to use the detecting signal. 

A second embodiment of the present invention will be described hereinafter 
referring to Fig* 6. In this second embodiment of the present invention, the seating 
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mechanism 40 disclosed in the first embodiment is applied to a workpiece receiving 
unit 60 with an automatic fixing mechanism mounted on the pallet 20 in order to 
contact directly to the workpiece W. Four or more seating mechanisms 40 are 
disposed on a C-shape flame 61 or a horizontal base 61a with an upward position of 
5 the top surface of the plunger 43 to support four comers of an under surface of the 
workpiece W, Further, two or more seating mechanisms 40 are disposed on a 
vertical portion 61b of the flame 61 with a horizontal position of the top surface of the 
plunger 43 separated in a perpendicular direction of a plane of Fig. 6 to support a side 
surface of the workpiece W opposite to a tool T. On a ceiling plate 61c of the flame 

10 61 is mounted a pylinder 62 as a fixing actuator, A fixing member 64 is mounted on 
a lower end of a piston rod 63 in the cylinder 62 to move downwardly by hydraulic 
pressure in order to fix the woikpiece W against the top surface of the plunger 43 of 
the seating mechanism 40 mounted on the horizontal base 61a. A lead wire guide 
box 65 is mounted on the horizontal base 61a of the flame 61. A lead wire is guided 

IS by the guide box 65 and a flexible pipe 66 with a reversed U-shape connected to the 
guide box 65. 

An operation of this second embodiment of the present iavention will be 
described hereinafter. The CNC controller 18 executes the aforementioned control 
flowchart at a predetermined interval and operates to detect the status of the abnormal 

20 clamping and the abnormal overload. Whereby, the N number in the flowchart of 
Fig. 5 is set according to a number of the seating mechanisms 40 disposed on the 
flame 61* And also, before the operation of the flowchart, the CNC controller 18 can 
detect an abnormal seating of the workpiece W on the workpiece supporting unit 60 
because the workpiece W is directly contact with the seating mechanisms 40 when the 

25 workpiece W is seated. The second embodiment of the present invention can detect 
the abnormal overload during the maduning, and also detect the abnormal seating of 
the workpiece W and the abnormal damping, that is an abnormal fixing in the second 
embodiment, by the cylinder 62 on the basis of the output from the load sensor 45 
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included in the seating mechanism 40 so that it is not needed to provide both of the 
seating detection means and clamping detection means as a conventional apparatus. 

While the invention has been described in detail with reference to the 
preferred embodiment, it will be apparent to those skilled in the art that the invention 
is not limited to the present embodiment, and that the invention may be realized in 
various other embodiments within the scope of the claims. 

For example^ the present invention is explained these embodiments for the 
pallet clamping mechanism and the workpiece fixing unit of the machining center but 
it is cqpplicable to any other machine tools equipping a table with the workpiece or a 
workpiece holding jig such as a grinding machine, a press, a shaping machine and so 
on. The workpiece receiving unit 60 is mounted on the workpiece pallet 20 in the 
second embodiment of the present invention, however it can be mounted directly on 
the rotating table 11 without the workpiece pallet 20 or on the worktabie 10 without 
the workpiece pallet 20 and the rotating table 11. 

In the above-mentioned embodiments, the seating mechanisms 40 have the 
construction of the load sensing element 45 between the plunger 43 and the receiving 
member 44, referring to Fig. 7, however, it can be constmcted that the plunger itself 
consists of a load sensing material directly contacting to the workpiece W or the pallet 
20 by a top of the load sensing clement 45. This Fig. 7 shows that the load sensing 
element 45 is a rectangular oross section and long length in a vertical direction and 
that the sensing element 45 is inserted into a rectangular hole. 

In the above-mentioned embodiments, the average load Lave acting on all 
seating mechanisms 40 is calculated in Step S6 of Fig. 5 and compared with the first 
threshold value Tl defining the lowest need clamping force in step S7, referring to 
Fig. 8, however, it can be processed that eadi of load actmg on all seating 
mechanisms 40 is sequentially compared to the first threshold value Tl in step S4 of 
Fig. 8. In the aforementioned embodiments, the maximum actual load difference Edif 
acting on all seating mechanisms 40 is calculated in step S6 of Fig. 5 and compared to 
the second threshold value T2 defining the allowable value between clamping 
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differences of the seating, mechanisms 40 in step S9, referring to Fig. 8, however, it 
can be processed that each load acting on the seating mechanisms 40 is judged 
whether it is between a minimimi threshold T3 and a maximum threshold T4 in step 
S6 of Fig. 8, and the abnormal overload signal is generated when it is not between 
5 these ttireshold T3 and T4. This process is continued to recognize a performance 
about a final number of the seating mechanisms 40 in step S8 of Fig. 8. 

FUrthemiore, the technological components described in this specification and 
illustrated in the drawings can demonstrate their technological usefulness 
independently through various other combinations which are not limited to the 
10 combinations described in the claims made at the time of application. Moreover, the 
art described in this specification and illustrated in the drawings can simultaneously 
achieve a plurality of objectives, and is technologically useful by virtue of realizing 
any one of these objectives. 



